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(54) METHOD FOR MODIFYING SURFACE OF STEEL MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for modifying the 
surface of a steel material, which can introduce the maximum 
compression residual-stress on the top surface of the steel material. 
SOLUTION: The objective method for modifying the surface of the steel 
material comprises hardening the steel material 1 1 , and then subjecting 
the steel material 1 1 to subzero treatment in a state of giving the 
tensile stress P, while giving the tensile stress P to the hardened steel 
material 1 1 , to introduce the compression residual stress into the steel 
material 1 1 . 
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CLAIMS 



[Claim(s)] 

[Claim 1]A surface modification method of steel materials giving tensile stress to the hardening steel materials 
after performing hardening treatment to steel materials, and performing subzero treatment to steel materials in 
the state where tensile stress was given, and introducing compressive residual stress into steel materials. 
[Claim 2]After performing hardening treatment to a gear formed with steel materials, insert a shaft of a major 
diameter in a ring part of the gear rather than an inside diameter of a ring part, give tensile stress to a gear, and. 
A surface modification method of steel materials performing subzero treatment to a gear in the state where 
tensile stress was given, and introducing compressive residual stress into a gear. 

[Claim 3]A surface modification method of the steel materials according to claim 1 or 2 which perform 
carburizing treatment or carbonitriding processing to steel materials before performing hardening treatment. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the surface modification method of steel materials, and relates 

to the tooth flank reforming method of the gear especially. 

[0002] 

[Description of the Prior Art]In recent years, in the machine part for cars which consists of steel materials, for 
example, the gear, the small weight saving by improvement in fatigue strength (bending especially fatigue 
strength) is called for from a viewpoint of earth environment and the financial side. 

[0003]As a means which raises the fatigue strength of steel materials, improvement in surface part hardness is 
mentioned first. The improvement in surface part hardness is made by surface treatment processings 
(carburization, nitriding, soft nitriding, carbonitriding, induction hardening, etc.). When the surface part hardness 
of steel materials is set to 700 or more HV by surface treatment processing, improvement in surface part 
hardness stops however, contributing to improvement in fatigue strength. Therefore, introduction of the 
compressive residual stress which is another means which raises the fatigue strength of steel materials in this 
case is needed. 

[0004]As an introduction means of compressive residual stress, shot peening, laser peening, cavitation peening, 
etc. are mentioned, and impeller type shot peening is generally used well especially. Here, although it was difficult 
for hardness to introduce compressive residual stress since the steel materials of 700 or more HV have too high 
deformation resistance, compressive residual stress can be introduced also into the steel materials of 700 or 
more HV by performing shot peening, where tensile stress is given. 
[0005] 

[Problem(s) to be Solved by the Invention]By the way, in order to raise the fatigue strength of steel materials 
more, it is effective to make it compressive residual stress serve as the maximum in the outermost surface of 
steel materials. 

[0006] However, in the introducing method of the compressive residual stress by shot peening, the position of 
the maximum compressive residual stress was set to 30-60 micrometers from the surface, and there was a 
problem that the maximum compressive residual stress could not be obtained in the outermost surface of steel 
materials. That is, since the compressive residual stress of the outermost surface of steel materials was small, 
there was a problem that the large improvement in fatigue strength was not expectable. 

[0007]If shot peening is performed to steel materials, since the surface roughness of steel materials becomes 
coarse, the fall of fatigue strength will be caused, and there was a problem that work environment got worse with 
the noise and the dust which are produced when a shot-grains child collides with steel materials. 
[0008]The introducing method of the compressive residual stress by shot peening had the problem that the 
manufacturing cost of a product became high, as a result from equipment and an installed cost being high. 
[0009]The purpose of this invention originated in consideration of the above situation is to provide the surface 
modification method of the steel materials which can introduce the maximum compressive residual stress into 
the outermost surface of steel materials. 
[0010] 

[Means for Solving the Problem]A surface modification method of steel materials applied to this invention that 
the above-mentioned purpose should be attained gives tensile stress to the hardening steel materials, after 
performing hardening treatment to steel materials, and performs subzero treatment to steel materials in the 
state where tensile stress was given, and introduces compressive residual stress into steel materials. After 
performing hardening treatment to a gear formed with steel materials, insert a shaft of a major diameter in a ring 
part of the gear rather than an inside diameter of a ring part, and tensile stress is given to a gear, and subzero 
treatment is performed to a gear in the state where tensile stress was given, and compressive residual stress is 
introduced into a gear. 

[001 1]Carburizing treatment or carbonitriding processing may be performed to steel materials before performing 
hardening treatment. 



[0012]According to the surface modification method of the above steel materials, the maximum compressive 

residual stress can be introduced on the surface of steel materials. 

[0013] 

[Embodiment of the Invention] Hereafter, the suitable 1 embodiment of this invention is described based on an 
accompanying drawing. 

[0014]If shot peening mentioned above is performed to the steel materials by which hardening treatment was 
carried out, the retained austenite which exists in steel materials will carry out a phase transformation to 
martensite, but since it is accompanied by cubical expansion in that case, compressive residual stress is 
introduced by this cubical expansion. Since the phase transformation of the retained austenite is carried out to 
martensite even if it replaces with the kinetic energy by shot peening and gives thermal energy here, this 
invention has the feature at the point which adopted subzero treatment, in order to give thermal energy. 
[0015]The surface modification method of the steel materials concerning a 1st embodiment, After giving tensile 
stress to the hardening steel materials after performing hardening treatment to steel materials, and performing 
subzero treatment to the steel materials in the state (initial stress state) where tensile stress was given, high 
compressive residual stress is introduced into steel materials especially on the surface of steel materials by 
canceling grant of the tensile stress to steel materials. The steel materials said here do not show only a raw 
material, and steel members are also included. 

[0016]As a method of giving tensile stress to hardening steel materials, For example, as shown in drawing 1 , 
arrange the top presser-foot pins 13a and 13b on the upper surface of the plate (steel materials) 11, arrange the 
lower pins 14a and 14b on the undersurface, and. The tensile stress P is given to the plate 11 by penetrating the 
plate 1 1 and the top presser-foot pins 13a and 13b, arranging the clamping bolts 15a and 15b, fixing the plate 1 1 
to the stand 12 with the clamping bolts 15a and 15b, and performing 4 point bendings. At this time, the value of 
the tensile stress P given to the plate 11 by sticking the strain gage 16 can be checked and adjusted. Subzero 
treatment is performed fixing the plate 1 1 to the stand 1 2. 

[0017]Especially if it is the steel materials in which hardening treatment is possible as steel materials, do not 
limit here, but. Steel materials with much content of retained austenite, i.e., steel materials with much C content, 
are preferred, for example, carbon tool steel (SK material) of JIS, various alloy-tool-steel steel materials (SKS 
material, SKD material, SKT material), high-speed-tool-steel steel materials (SKH material), and high-carbon- 
chromium bearing steel steel materials (SUJ material) are mentioned. In addition, what performed carburizing 
treatment (or carbonitriding processing) is mentioned to steel materials with few carbon contents, for example, 
the carbon steels for machine structural use of JIS, (SC material), and various structural steel worker alloy steel 
steel materials (SCr material, SCN material, SNCM material). 

[0018]Although the stress value of the tensile stress given to hardening steel materials is suitably chosen 
according to the value of the compressive residual stress introduced into the kind of steel materials, and steel 
materials and is not limited in particular, it is preferred. [ of 700 - 1400MPa ] 

[0019]the treatment temperature of subzero treatment is what is suitably chosen according to the balance of 
the hardness of steel materials, and toughness into which compressive residual stress was introduced 
corresponding to the generated amount (after-mentioned) of the martensite considered as a request — about - 
- what is necessary is just below 203K (-70 **) 
[0020]Next, an operation of this embodiment is explained. 

[0021 ]It is performing subzero treatment to the steel materials after hardening in the surface modification 
method of this embodiment, The retained austenite which remained in hardening steel materials mostly 
metamorphoses, martensite generates, and a carbon atom dissolves to supersaturation, cubical expansion 
happens, and the steel materials (surface treatment steel materials) in which compressive residual stress was 
introduced are obtained. In the case of this subzero treatment, the steel materials in which still bigger 
compressive residual stress was introduced by performing subzero treatment where tensile stress is given to the 
steel materials after hardening (initial stress state) are obtained. It is guessed that this is what is depended on 
the phenomenon shown below. 

[0022]After the body-centered tetragonal c axis which constitutes the martensitic phase to generate from 
performing subzero treatment where tensile stress is given to the steel materials after hardening has been pulled 
by one way in ********** and c shaft orientations, the crystal of a martensitic phase is formed. Release of 
grant of tensile stress will produce big stress in a compression direction to the crystal of the martensitic phase 
pulled by c shaft orientations after subzero treatment. Big compressive residual stress is introduced into steel 
materials by this, and serves as fatigue strength, especially steel materials which bent and were excellent in 
fatigue strength by it. Here, by using what performed hardening treatment after carburizing treatment (or 
carbonitriding processing) as steel materials after hardening, C content on the surface of steel materials 
increases by carburizing treatment (or carbonitriding processing), and the amount of retained austenites on the 
surface of steel materials increases by subsequent hardening treatment. Then, big compressive residual stress 
can be introduced into the surface portion of steel materials by performing subzero treatment, where tensile 



stress is given to the steel materials after this carburization hardening treatment (or carbonitriding hardening 
treatment), and compressive residual stress serves as the maximum in the outermost surface of steel materials. 
As a result, the fatigue strength of steel materials can be raised remarkably. 

[0023]Introduction of the compressive residual stress in the surface modification method of this embodiment, 
Since it is not what is depended on the subzero treatment in the state where tensile stress was given, and is 
depended on shot peening like before, Work environment does not necessarily get worse with the noise or the 
dust which are produced when the fall of the fatigue strength of saying [ that the surface roughness of steel 
materials becomes coarse ], i.e., steel materials, is not necessarily caused and a shot-grains child collides with 
steel materials. 

[0024]The equipment and the installed cost for the subzero treatment in the surface modification method of this 
embodiment can aim at reduction of the manufacturing cost of surface treatment steel materials (product) from 
a cheap thing as a result as compared with it of shot peening in the conventional surface modification method. 
[0025]Next, other embodiments of this invention are described based on an accompanying drawing. 
[0026]The section schematic diagram for explaining the surface modification method of the steel materials 
concerning a 2nd embodiment is shown in drawing 4 (a) - drawing 4 (c). 

[0027]First, the surface modification method of the steel materials concerning a 2nd embodiment performs 
carburization hardening treatment to the gear 41 formed with steel materials, as shown in drawing 4 (a). 
[0028]Next, as shown in drawing 4 (b), rather than the inside diameter of the ring part 41a of the hardening gear 
41 , the shaft 42 of a major diameter is inserted in the ring part 41a of the hardening gear 41 with a hydraulic 
press (press fit), and the tensile stress P is given to the diameter direction (the inside of drawing 4 (b) 
longitudinal direction) of the gear 41 . Predetermined time immersion of the gear 41 which was united with this 
shaft 42 is carried out into about 123-K liquid nitrogen, and subzero treatment is performed. 
[0029]Next, it is neglected after pulling up the gear 41 and the shaft 42 out of liquid nitrogen until the gear 41 
and the shaft 42 return to ordinary temperature. Then, as it removes [ the ring part 41a of the gear 41 to ], 
putting it (pressing out) and the shaft 42 is shown in drawing 4 (c) with a hydraulic press, the surface treatment 
gear 43 with which the maximum compressive residual stress was introduced into the outermost surface is 
obtained. 

[0030]In the surface modification method of the steel materials of this embodiment, it cannot be overemphasized 
that the same operation effect as the surface modification method of the steel materials mentioned above is 
obtained. 

[0031]Since the tensile stress P is uniformly given to the gear 41 whole by the shaft 42, big compressive 
residual stress is introduced into the surface treatment gear 43 whole by it. 

[0032]furthermore — replacing with press fit and burning in a 2nd embodiment, although press fit is performing 
the unification with the gear 41 and the shaft 42 — inserting in — the unification with the gear 41 and the shaft 
42 may be performed. By this, the gear 41 can give the big tensile stress P, and big compressive residual stress 
can be introduced with the surface treatment gear 43. 

[0033]As mentioned above, it cannot be overemphasized that an embodiment of the invention is not limited to 

the embodiment mentioned above, and various things are otherwise assumed. 

[0034] 

[Example]After performing hot-forging processing to the round bar which consists of Cr-Mo steel (structural 
steel worker alloy steel steel-materials SCN822H of JIS) and forming in a plate (40 mm in width, 100 mm in 
length, and 8 mm in thickness), annealing processing is performed to the plate. Then, it is machined into an 
annealing plate and smooth material (30 mm in width, 90 mm in length, and 5 mm in thickness) is formed. 
[0035]To this smooth material, first Hydrocarbon gas atmosphere, the temperature 1203K (930 **), Vacuum 
carburizing processing is performed on condition of time 1.26ks (21 minutes), and vacuum nitriding treatment is 
further performed on condition of an N 2 +NH 3 gas atmosphere, the temperature 1 143K (870 **), and time 1.8ks 

(30 minutes). 

After that was performed. 

[0036](Working example 1) The tensile stress of 1000MPa is given using the method shown in drawing 1 t o the 
smooth material after oil quenching, and smooth material is immersed for 900 s (15 minutes) into the liquid 
nitrogen of 123K with the state (initial stress state) where tensile stress was given, and subzero treatment is 
performed. 

[0037]Smooth material is pulled up out of liquid nitrogen after subzero treatment, and it is neglected until 
smooth material returns to ordinary temperature. Then, the clamping bolts 15a and 15b are removed, smooth 
material is removed from the stand 12, and the sample 1 (surface treatment plate) is produced. 
[0038](Conventional example 1) To the smooth material after oil quenching, impeller type shot peening is 
performed and the sample 2 (surface treatment plate) is produced, here — the various conditions of impeller 
type shot peening — 73 m/s and shot distance are 350 mm, and the coverages of about 560 HV and shot speed 



is [ the diameter of a shot / phi0.8mm and shot hardness / arc height ] about 0.5 mmA(s) about 300%. 
[0039](Comparative example 1) Let the smooth material still in the state after oil quenching be the sample 3. 
[0040]Remaining stress was measured about the samples 1-3. The relation between the residual stress 
distribution of each sample, i.e., the depth from the surface, (micrometer), and remaining stress (MPa) is shown 
in drawing 2 . 

[0041]Here, measurement of remaining stress was performed using minute part X-rays measuring apparatus. 
After internal remaining stress masked each sample by the window method, it was ground and measured by 
predetermined Mr. Fukashi by electrolytic polishing. The measuring point of the remaining stress in each sample 
makes the strain gage 16 the attached position in the sample 1, and the conditions of stress measurement by X- 

o 

ray, As for the path of the incident-X-ray beam, calculation of 2 mm and stress used the 2 theta-sin ^psi 
method (psi= 0 degree, 10 degrees, 20 degrees, 30 degrees, 40 degrees), using a Cr-K a , pha line as X-rays. 

[0042]As shown in drawing 2 , in the sample 3 which is still carbonitriding hardening, the remaining stress 
(sigma rs ) of the plate surface was about 50 MPa(s), i.e., tensile remaining stress, the maximum compressive 

residual stress (sigma ) — about — it was -400MPa and the occurrence position was a position whose depth 

rmax 

from the surface is about 410 micrometers. 

[0043]ln the sample 2 which performs surface treatment processing to the sample 3 with impeller type shot 
peening, sigma rmax was -869MPa and the occurrence position was a position whose depth from the surface is 

about 20 micrometers. sigma rs of the plate surface was -628MPa. 

[0044]On the other hand, in the sample 1 which performs surface treatment processing to the sample 3 by initial 
stress + subzero treatment, the occurrence position of sigma^ ov was a plate surface and sigma rmav was - 

1179MPa. 

[0045]When it bent about each sample and fatigue strength was measured, the bending fatigue strength of the 
sample 1 which sigma rmax had generated in the plate surface was improving remarkably as compared with the 

bending fatigue strength of the samples 1 and 2. 

[0046]Next, the samples 1-3 were observed using minute part X-rays measuring apparatus, and the amount of 
retained austenites was measured. Distribution of the retained austenite of each sample, i.e., the relation 
between the depth (micrometer) from a plate surface and the amount of retained austenites (capacity %), is 
shown in drawing 3 . 

[0047]As shown in drawing 3 , in the sample 3 which is still carbonitriding hardening, the amount of the maximum 
retained austenites (gamma Rmax ) of the amount of retained austenites (gamma Rs ) of the plate surface was 

47.4wt% 27.6wt%. 

[0048]In the sample 2, the amount of gammaRmax of the amount of S amma R s was 39-6wt% 22.2wt%. This shows 
that the amount of gamma Rs seldom decreases, even if it performs surface treatment processing by impeller 
type shot peening. 

[0049]On the other hand, in the sample 1, the amount of e amma R max of the amount of gamma Rs was 18.3wt% 

14.4wt%. By performing surface treatment processing by initial stress + subzero treatment, the amount of 
gamma Rs decreases greatly, namely, this shows that there are many generated amounts of a martensitic phase. 

As a result, big compressive residual stress will be introduced in the sample 1. 
[0050] 

[Effect of the Invention]In short, according to this invention, the following outstanding effects are demonstrated 
above. 

(1) By performing subzero treatment, where tensile stress is given to the steel materials after hardening, the 
maximum compressive residual stress can be introduced on the surface of steel materials. 

(2) By (1), the steel materials excellent in fatigue strength can be obtained. 
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TECHNICAL FIELD 



[Field of the Invention]This invention relates to the surface modification method of steel materials, and relates 
to the tooth flank reforming method of the gear especially. 
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PRIOR ART 

[Description of the Prior Art]In recent years, in the machine part for cars which consists of steel materials, for 
example, the gear, the small weight saving by improvement in fatigue strength (bending especially fatigue 
strength) is called for from a viewpoint of earth environment and the financial side. 

[0003]As a means which raises the fatigue strength of steel materials, improvement in surface part hardness is 
mentioned first. The improvement in surface part hardness is made by surface treatment processings 
(carburization, nitriding, soft nitriding, carbonitriding, induction hardening, etc.). When the surface part hardness 
of steel materials is set to 700 or more HV by surface treatment processing, improvement in surface part 
hardness stops however, contributing to improvement in fatigue strength. Therefore, introduction of the 
compressive residual stress which is another means which raises the fatigue strength of steel materials in this 
case is needed. 

[0004]As an introduction means of compressive residual stress, shot peening, laser peening, cavitation peening, 
etc. are mentioned, and impeller type shot peening is generally used well especially. Here, although it was difficult 
for hardness to introduce compressive residual stress since the steel materials of 700 or more HV have too high 
deformation resistance, compressive residual stress can be introduced also into the steel materials of 700 or 
more HV by performing shot peening, where tensile stress is given. 
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EFFECT OF THE INVENTION 



[Effect of the Inventionjln short, according to this invention, the following outstanding effects are demonstrated 
above. 

(1) By performing subzero treatment, where tensile stress is given to the steel materials after hardening, the 
maximum compressive residual stress can be introduced on the surface of steel materials. 

(2) By (1), the steel materials excellent in fatigue strength can be obtained. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]By the way, in order to raise the fatigue strength of steel materials 
more, it is effective to make it compressive residual stress serve as the maximum in the outermost surface of 
steel materials. 

[0006]However, in the introducing method of the compressive residual stress by shot peening, the position of 
the maximum compressive residual stress was set to 30-60 micrometers from the surface, and there was a 
problem that the maximum compressive residual stress could not be obtained in the outermost surface of steel 
materials. That is, since the compressive residual stress of the outermost surface of steel materials was small, 
there was a problem that the large improvement in fatigue strength was not expectable. 

[0007]If shot peening is performed to steel materials, since the surface roughness of steel materials becomes 
coarse, the fall of fatigue strength will be caused, and there was a problem that work environment got worse with 
the noise and the dust which are produced when a shot-grains child collides with steel materials. 
[0008]The introducing method of the compressive residual stress by shot peening had the problem that the 
manufacturing cost of a product became high, as a result from equipment and an installed cost being high. 
[0009]The purpose of this invention originated in consideration of the above situation is to provide the surface 
modification method of the steel materials which can introduce the maximum compressive residual stress into 
the outermost surface of steel materials. 
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MEANS 



[Means for Solving the Problem]A surface modification method of steel materials applied to this invention that 
the above-mentioned purpose should be attained gives tensile stress to the hardening steel materials, after 
performing hardening treatment to steel materials, and performs subzero treatment to steel materials in the 
state where tensile stress was given, and introduces compressive residual stress into steel materials. After 
performing hardening treatment to a gear formed with steel materials, insert a shaft of a major diameter in a ring 
part of the gear rather than an inside diameter of a ring part, and tensile stress is given to a gear, and subzero 
treatment is performed to a gear in the state where tensile stress was given, and compressive residual stress is 
introduced into a gear. 

[001 1]Carburizing treatment or carbonitriding processing may be performed to steel materials before performing 
hardening treatment. 

[001 2]According to the surface modification method of the above steel materials, the maximum compressive 

residual stress can be introduced on the surface of steel materials. 

[0013] 

[Embodiment of the Invention] Hereafter, the suitable 1 embodiment of this invention is described based on an 
accompanying drawing. 

[0014]If shot peening mentioned above is performed to the steel materials by which hardening treatment was 
carried out, the retained austenite which exists in steel materials will carry out a phase transformation to 
martensite, but since it is accompanied by cubical expansion in that case, compressive residual stress is 
introduced by this cubical expansion. Since the phase transformation of the retained austenite is carried out to 
martensite even if it replaces with the kinetic energy by shot peening and gives thermal energy here, this 
invention has the feature at the point which adopted subzero treatment, in order to give thermal energy. 
[0015]The surface modification method of the steel materials concerning a 1st embodiment, After giving tensile 
stress to the hardening steel materials after performing hardening treatment to steel materials, and performing 
subzero treatment to the steel materials in the state (initial stress state) where tensile stress was given, high 
compressive residual stress is introduced into steel materials especially on the surface of steel materials by 
canceling grant of the tensile stress to steel materials. The steel materials said here do not show only a raw 
material, and steel members are also included. 

[0016]As a method of giving tensile stress to hardening steel materials, For example, as shown in drawing 1 , 
arrange the top presser-foot pins 13a and 13b on the upper surface of the plate (steel materials) 11, arrange the 
lower pins 14a and 14b on the undersurface, and. The tensile stress P is given to the plate 1 1 by penetrating the 
plate 11 and the top presser-foot pins 13a and 13b, arranging the clamping bolts 15a and 15b, fixing the plate 11 
to the stand 12 with the clamping bolts 15a and 15b, and performing 4 point bendings. At this time, the value of 
the tensile stress P given to the plate 1 1 by sticking the strain gage 16 can be checked and adjusted. Subzero 
treatment is performed fixing the plate 1 1 to the stand 1 2. 

[0017]Especially if it is the steel materials in which hardening treatment is possible as steel materials, do not 
limit here, but. Steel materials with much content of retained austenite, i.e., steel materials with much C content, 
are preferred, for example, carbon tool steel (SK material) of JIS, various alloy-tool-steel steel materials (SKS 
material, SKD material, SKT material), high-speed-tool-steel steel materials (SKH material), and high-carbon- 
chromium bearing steel steel materials (SUJ material) are mentioned. In addition, what performed carburizing 
treatment (or carbonitriding processing) is mentioned to steel materials with few carbon contents, for example, 
the carbon steels for machine structural use of JIS, (SC material), and various structural steel worker alloy steel 
steel materials (SCr material, SCN material, SNCM material). 

[0018]Although the stress value of the tensile stress given to hardening steel materials is suitably chosen 
according to the value of the compressive residual stress introduced into the kind of steel materials, and steel 
materials and is not limited in particular, it is preferred. [ of 700 - 1400MPa ] 

[0019]the treatment temperature of subzero treatment is what is suitably chosen according to the balance of 
the hardness of steel materials, and toughness into which compressive residual stress was introduced 
corresponding to the generated amount (after-mentioned) of the martensite considered as a request — about - 



- what is necessary is just below 203K (-70 **) 
[0020]Next f an operation of this embodiment is explained. 

[0021]It is performing subzero treatment to the steel materials after hardening in the surface modification 
method of this embodiment The retained austenite which remained in hardening steel materials mostly 
metamorphoses, martensite generates, and a carbon atom dissolves to supersaturation, cubical expansion 
happens, and the steel materials (surface treatment steel materials) in which compressive residual stress was 
introduced are obtained. In the case of this subzero treatment, the steel materials in which still bigger 
compressive residual stress was introduced by performing subzero treatment where tensile stress is given to the 
steel materials after hardening (initial stress state) are obtained. It is guessed that this is what is depended on 
the phenomenon shown below. 

[0022]After the body-centered tetragonal c axis which constitutes the martensitic phase to generate from 
performing subzero treatment where tensile stress is given to the steel materials after hardening has been pulled 
by one way in ********** and c shaft orientations, the crystal of a martensitic phase is formed. Release of 
grant of tensile stress will produce big stress in a compression direction to the crystal of the martensitic phase 
pulled by c shaft orientations after subzero treatment. Big compressive residual stress is introduced into steel 
materials by this, and serves as fatigue strength, especially steel materials which bent and were excellent in 
fatigue strength by it. Here, by using what performed hardening treatment after carburizing treatment (or 
carbonitriding processing) as steel materials after hardening, C content on the surface of steel materials 
increases by carburizing treatment (or carbonitriding processing), and the amount of retained austenites on the 
surface of steel materials increases by subsequent hardening treatment. Then, big compressive residual stress 
can be introduced into the surface portion of steel materials by performing subzero treatment, where tensile 
stress is given to the steel materials after this carburization hardening treatment (or carbonitriding hardening 
treatment), and compressive residual stress serves as the maximum in the outermost surface of steel materials. 
As a result, the fatigue strength of steel materials can be raised remarkably. 

[0023]Introduction of the compressive residual stress in the surface modification method of this embodiment, 
Since it is not what is depended on the subzero treatment in the state where tensile stress was given, and is 
depended on shot peening like before, Work environment does not necessarily get worse with the noise or the 
dust which are produced when the fall of the fatigue strength of saying [ that the surface roughness of steel 
materials becomes coarse ], i.e., steel materials, is not necessarily caused and a shot-grains child collides with 
steel materials. 

[0024]The equipment and the installed cost for the subzero treatment in the surface modification method of this 
embodiment can aim at reduction of the manufacturing cost of surface treatment steel materials (product) from 
a cheap thing as a result as compared with it of shot peening in the conventional surface modification method. 
[0025]Next, other embodiments of this invention are described based on an accompanying drawing. 
[0026]The section schematic diagram for explaining the surface modification method of the steel materials 
concerning a 2nd embodiment is shown in drawing 4 (a) - drawing 4 (c). 

[O027]First, the surface modification method of the steel materials concerning a 2nd embodiment performs 
carburization hardening treatment to the gear 41 formed with steel materials, as shown in drawing 4 (a). 
[0028]Next, as shown in drawing 4 (b), rather than the inside diameter of the ring part 41a of the hardening gear 
41, the shaft 42 of a major diameter is inserted in the ring part 41a of the hardening gear 41 with a hydraulic 
press (press fit), and the tensile stress P is given to the diameter direction (the inside of drawing 4 (b) 
longitudinal direction) of the gear 41. Predetermined time immersion of the gear 41 which was united with this 
shaft 42 is carried out into about 123-K liquid nitrogen, and subzero treatment is performed. 
[0029]Next, it is neglected after pulling up the gear 41 and the shaft 42 out of liquid nitrogen until the gear 41 
and the shaft 42 return to ordinary temperature. Then, as it removes [ the ring part 41a of the gear 41 to ], 
putting it (pressing out) and the shaft 42 is shown in drawing 4 (c) with a hydraulic press, the surface treatment 
gear 43 with which the maximum compressive residual stress was introduced into the outermost surface is 
obtained. 

[0030]In the surface modification method of the steel materials of this embodiment, it cannot be overemphasized 
that the same operation effect as the surface modification method of the steel materials mentioned above is 
obtained. 

[0031]Since the tensile stress P is uniformly given to the gear 41 whole by the shaft 42, big compressive 
residual stress is introduced into the surface treatment gear 43 whole by it. 

[0032]furthermore — replacing with press fit and burning in a 2nd embodiment, although press fit is performing 
the unification with the gear 41 and the shaft 42 — inserting in — the unification with the gear 41 and the shaft 
42 may be performed. By this, the gear 41 can give the big tensile stress P, and big compressive residual stress 
can be introduced with the surface treatment gear 43. 

[0033]As mentioned above, it cannot be overemphasized that an embodiment of the invention is not limited to 
the embodiment mentioned above, and various things are otherwise assumed. 
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EXAMPLE 

[Example]After performing hot-forging processing to the round bar which consists of Cr-Mo steel (structural 
steel worker alloy steel steel-materials SCN822H of JIS) and forming in a plate (40 mm in width, 100 mm in 
length, and 8 mm in thickness), annealing processing is performed to the plate. Then, it is machined into an 
annealing plate and smooth material (30 mm in width, 90 mm in length, and 5 mm in thickness) is formed. 
[0035]To this smooth material, first Hydrocarbon gas atmosphere, the temperature 1203K (930 **), Vacuum 
carburizing processing is performed on condition of time 1.26ks (21 minutes), and vacuum nitriding treatment is 
further performed on condition of an N 2 +NH 3 gas atmosphere, the temperature 1 143K (870 **), and time 1.8ks 

(30 minutes). 

After that was performed. 

[0036](Working example 1) The tensile stress of 1000MPa is given using the method shown in drawing 1 t o the 
smooth material after oil quenching, and smooth material is immersed for 900 s (15 minutes) into the liquid 
nitrogen of 123K with the state (initial stress state) where tensile stress was given, and subzero treatment is 
performed. 

[0037]Smooth material is pulled up out of liquid nitrogen after subzero treatment, and it is neglected until 
smooth material returns to ordinary temperature. Then, the clamping bolts 15a and 15b are removed, smooth 
material is removed from the stand 12, and the sample 1 (surface treatment plate) is produced. 
[0038](Conventional example 1) To the smooth material after oil quenching, impeller type shot peening is 
performed and the sample 2 (surface treatment plate) is produced, here — the various conditions of impeller 
type shot peening — 73 m/s and shot distance are 350 mm, and the coverages of about 560 HV and shot speed 
is [ the diameter of a shot / phi0.8mm and shot hardness / arc height ] about 0.5 mmA(s) about 300%. 
[0039](Comparative example 1) Let the smooth material still in the state after oil quenching be the sample 3. 
[0040]Remaining stress was measured about the samples 1-3. The relation between the residual stress 
distribution of each sample, i.e., the depth from the surface, (micrometer), and remaining stress (MPa) is shown 
in drawing 2 . 

[0041]Here, measurement of remaining stress was performed using minute part X-rays measuring apparatus. 
After internal remaining stress masked each sample by the window method, it was ground and measured by 
predetermined Mr. Fukashi by electrolytic polishing. The measuring point of the remaining stress in each sample 
makes the strain gage 16 the attached position in the sample 1, and the conditions of stress measurement by X- 

ray, As for the path of the incident-X-ray beam, calculation of 2 mm and stress used the 2 theta-sin *psi 
method (psi= 0 degree, 10 degrees, 20 degrees, 30 degrees, 40 degrees), using a Cr-K a|pha line as X-rays. 

[0042]As shown in drawing 2 , in the sample 3 which is still carbonitriding hardening, the remaining stress 

(sigma ) of the plate surface was about 50 MPa(s), i.e., tensile remaining stress, the maximum compressive 
rs 

residual stress (sigma rmax ) — about — it was -400MPa and the occurrence position was a position whose depth 
from the surface is about 410 micrometers. 

[0043]In the sample 2 which performs surface treatment processing to the sample 3 with impeller type shot 
peening, sigma rmax was -869MPa and the occurrence position was a position whose depth from the surface is 

about 20 micrometers. sigma rg of the plate surface was -628MPa. 

[0044]On the other hand, in the sample 1 which performs surface treatment processing to the sample 3 by initial 
stress + subzero treatment, the occurrence position of sigma rmax was a plate surface and sigma rmax was - 

1179MPa. 

[0045]When it bent about each sample and fatigue strength was measured, the bending fatigue strength of the 
sample 1 which sigma rmax had generated in the plate surface was improving remarkably as compared with the 

bending fatigue strength of the samples 1 and 2. 

[0046]Next, the samples 1-3 were observed using minute part X-rays measuring apparatus, and the amount of 



retained austenites was measured. Distribution of the retained austenite of each sample, i.e., the relation 
between the depth (micrometer) from a plate surface and the amount of retained austenites (capacity %), is 
shown in drawing 3 . 

[0047]As shown in drawing 3 , in the sample 3 which is still carbonitriding hardening, the amount of the maximum 
retained austenites (gamma Rmax ) of the amount of retained austenites (gamma Rs ) of the plate surface was 

47.4wt% 27.6wt%. 

[0048]In the sample 2, the amount of gamma Rmax of the amount of gamma Rs was 39.6wt% 22.2wt%. This shows 
that the amount of gamma Rs seldom decreases, even if it performs surface treatment processing by impeller 
type shot peening. 

[0049]On the other hand, in the sample 1, the amount of gamma Rmax of the amount of gamma Rs was 18.3wt% 

14.4wt%. By performing surface treatment processing by initial stress + subzero treatment, the amount of 
gamma Rs decreases greatly, namely, this shows that there are many generated amounts of a martensitic phase. 

As a result, big compressive residual stress will be introduced in the sample 1. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a surface modification method of the steel materials concerning a 1st embodiment, and is a 
section schematic diagram showing how to give tensile stress to hardening steel materials. 
[Drawing 2] It is a figure showing the relation between the depth from the surface of steel materials, and 
remaining stress. 

[Drawing 3] lt is a figure showing the relation between the depth from the surface of steel materials, and the 
amount of retained austenites. 

[Drawing 4] lt is a section schematic diagram for explaining the surface modification method of the steel 
materials concerning a 2nd embodiment. 
[Description of Notations] 
1 1 Plate (steel materials) 
P Tensile stress 
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